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Abstract
The associations between objective and subjective dimensions of the built environment 
and walking behaviour have been examined extensively in existing studies. However, the 
interaction effects of those dimensions of the built environment on walking behaviour are 
understudied and may be more complex than hitherto suggested. Apart from the subjective 
dimensions of the built environment, walking attitudes also play a role in moderating these 
relationships. This paper investigates the independent and joint effects of objective neigh‑
bourhood characteristics, people’s perceptions of the neighbourhood environment, and 
walking attitudes on the frequency of walking by using Shenzhen as a case study. Since 
those effects may vary across different kinds of walking trips, the analysis looks separately 
at three major types of walking at the neighbourhood level—walking for work/school, 
walking for leisure/recreation, and walking for household responsibilities. Logistic regres‑
sion analyses confirm that the correlates of people’s walking frequency vary considerably 
among different types of walking. Statistically significant interaction effects of objective 
neighbourhood characteristics and perceived environment are found. The results suggest 
that positive perceptions of the environment can compensate for the effect that low objec‑
tive walkability of neighbourhoods has on people’s walking frequency. When seeking to 
encouraging walking at the neighbourhood level, policymakers should not only concentrate 
on improving objective neighbourhood characteristics but also consider people’s percep‑
tion of the neighbourhood environment and their attitudes towards walking.
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Introduction
Physical inactivity is one of the major challenges to global public health (Sallis et  al. 
2016). Studies have shown that 18% of the population in developing countries are physi‑
cally inactive (Dumith et al. 2011). For instance, the average level of physical activity 
for adults in China has dropped by nearly 50% from 1991 to 2011 (Zang and Ng 2016), 
and almost 80% of its adolescents were reported having inadequate exercise (Chen et al. 
2014). In this context, walking has become a most sustainable form of physical activity 
in our daily lives, which enables people to interact with the environment in a more direct 
way due to its slow speed (Kamruzzaman et al. 2016; Larrañaga et al. 2016). Increasing 
evidence reveals that the improvements of the built environment can facilitate walking 
and other types of physical activity by providing more convenient transportation (Ball 
et al. 2001), accessible destinations (Owen et al. 2007), aesthetically pleasing features 
(Inoue et al. 2010), and well‑maintained footpaths (McCormack et al. 2010), etc.
However, several recent studies have drawn attention to the divergent effects of 
objective and subjective dimensions of the built environment in explaining variations in 
walking behaviour (Hanibuchi et al. 2015; Koohsari et al. 2015). It has been suggested 
that both dimensions of the built environment should be included, as different associa‑
tions have been found between the objective and subjective dimensions of the environ‑
mental features with walking behaviour (Ma et al. 2015; Orstad et al. 2017). Nonethe‑
less, the relationships between those dimensions of the built environment and walking 
behaviour may be more complex than hitherto suggested. There may be interactions 
in how objective neighbourhood characteristics and neighbourhood perceptions affect 
walking behaviour. Such interaction effects need to be examined further in a structured 
manner.
Additionally, walking attitudes may moderate the environmental influences on physi‑
cal activity (Yang and Diez‑Roux 2017), although previous research has largely focused 
on measuring travel attitudes in general (Kitamura et al. 1997; Larrañaga et al. 2016). 
Recent studies suggest that compared to general attitudes, behaviour‑specific attitudes 
have stronger correlations with the behaviour (Kroesen and Chorus 2018). How walk‑
ing attitudes play a role in shaping the associations between the built environment and 
walking behaviour deserves further exploration (Ma and Cao 2017; Kamruzzaman et al. 
2016). Hence, including behaviour‑specific attitudes (walking attitudes in this study) 
may help to improve our understanding on the associations between the built environ‑
ment and walking behaviour.
In this study, rather than portraying walking as a generic form of movement, we pay 
special attention to the purpose of and activities generated by the walking trips. The 
influence of the built environment on walking behaviour may vary for trips with dif‑
ferent purposes, such as household responsibilities, work/study, and leisure. Thus, it is 
opportune to examine the influence of the built environment on different purposes of 
walking behaviour. Moreover, our current knowledge of the associations between the 
built environment and walking is mostly based on findings from developed cities in 
North America, (Western) Europe, Australia and New Zealand (Feng 2016). Case stud‑
ies in rapidly developing countries, in particular China, are still limited to date. Met‑
ropolitan cities in China, such as Beijing, Shanghai, and Shenzhen, have highly mixed 
land uses, extremely high population densities and are less car‑dependent compared to 
Western cities (Kenworthy and Hu 2002). In view of such differences in social, cultural, 
and economic contexts, it is urgently needed to investigate the associations between the 
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built environment and walking behaviour in the Chinese context. The results of such 
studies will inform urban planners and policymakers in designing more appropriate and 
contextualised strategies for intervention.
To fill these gaps, this paper examines the association between objective neighbour‑
hood characteristics, perceptions of the neighbourhood environment, walking attitudes, 
and walking behaviour for three specific types of neighbourhood walking trips. We include 
both objective and subjective dimensions of the neighbourhood environment, and explore 
their interaction effects in order to understand the impacts of the built environment to walk‑
ing behaviour more comprehensively. Using Shenzhen as a case study allows us to enrich 
the literature of walking by incorporating a non‑western perspective. This paper is organ‑
ised as follows. First, drawing insights from current literature, we discuss the links between 
the built environment, walking attitudes, and walking behaviour. We then present the meth‑
odology of this research, followed by discussions of the empirical results. Lastly, the con‑
clusion summarises the major findings and provides directions for future studies.
Literature review
In this section, we discuss the connections between the built environment, walking atti‑
tudes, and walking with different purposes by reviewing the comparable and contradictory 
findings that derived from both the Western and Chinese contexts. We acknowledge that 
the experiences, practices, and theories generated from previous studies may not be trans‑
ferable to other contexts, especially rapidly developing countries like China.
Understanding walking behaviour
Public health literature has provided important insights into the connections between envi‑
ronment and behaviour by exploring complex interactions between people’s perceptions 
and cognitions, the social, cultural, and physical environment, and human behaviour (Sallis 
and Owen 2015; Millward et al. 2013). These studies usually categorise walking into two 
major types: walking for transportation and walking for leisure (Humpel et al. 2004; Tur‑
rell et al. 2013). For instance, they tended to classify all walking trips undertaken to reach 
a destination (e.g. walking to work and walking to shopping) as a generic type of “walking 
for transportation”, regardless of the trip’s nature, main purpose, and activities generated 
by that trip. Overlooking the activity and demand associated with a walking trip might 
be problematic, for most people may not make separate decisions regarding their walking 
trips, but schedule their activities and walking in a daily pattern. As such, most of their 
walking trips will be derived from the demand for participation in activities, as argued 
from the activity‑based approach that travel is regarded as a derived demand (Reichman, 
1976; Kwan 2000; Schwanen et al. 2008; Vilhelmson 1999). Increasing number of studies 
start to distinguish different types of walking when examine the association between built 
environment and walking behaviour. For example, a recent study by Cho and Rodríguez 
(2015) found that the built environmental factors associated with walking for work and 
walking for shopping and/or eating were considerably different, although these two types 
were both regarded as walking for transportation.
Following the work of Reichman (1976) and many others (Lu and Pas 1999; Wang and 
Lin 2013), the present study distinguishes walking into three types associating with respec‑
tive activities, namely walking for work/school, for leisure/recreation, and for household 
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responsibilities, based on traditionally classified daily activities such as work‑related, lei‑
sure and obligatory activities. By doing so, we intend to explore further the influence of the 
built environment on different types of walking trips.
Environmental influence on walking behaviour
Numerous studies conducted in Western contexts have revealed that land use mix and prox‑
imity to destinations are positively related with frequency of walking (Krizek 2003; King 
et al. 2015) and that more pedestrian activities can be found in the neighbourhoods with 
more complete street networks (Moudon et  al. 1997). Some Chinese studies have found 
different results. For example, a study conducted in Shanghai found that street connectiv‑
ity was negatively associated with leisure time physical activity (Zhou et al. 2013). Simi‑
larly, based on a survey of 1070 residents in Shanghai and Hangzhou, Alfonzo et al. (2014) 
found that people who perceive their residential environment to be less convenient actually 
spent more time walking. This might be because people with few alternatives to reach their 
destinations (e.g. lower automobile access) would have to walk more for non‑commuting 
purposes.
Safety has been considered as one of the common issues in walking in many Western 
cities (Foster et al. 2004). A recent review has demonstrated how concerns over safety are 
triggered by factors such as social incivilities, absence of people on street, and other unde‑
sirable environmental features (Brown et al. 2007). Speedy traffic and inadequate pedes‑
trian crossing facilities are also found to be negatively associated with walking (Saelens 
et al. 2003). However, no conclusive findings have been found in Chinese cities to date. 
Some studies found that traffic safety was negatively associated with physical activity for 
adults in Shanghai (Zhou et  al. 2013), while in other studies, no significant associations 
were found between traffic safety and leisure time physical activity (Su et al. 2014).
The quality of the  pedestrian environment was found to be another influential factor 
for walking in both Western and Chinese studies. For example, Michael et al. (2006) found 
that well‑maintained streets (without litter and graffiti) increased older people’s inclina‑
tion to walk. Likewise, the aesthetic qualities of the built environment, such as presence 
of attractive buildings and green spaces, have been found to be positively associated with 
walking (Moudon et  al. 2007). Similarly, positive associations between aesthetic quali‑
ties and leisure time walking have been found in a Chinese study, but no associations with 
walking for transportation have been reported (Su et al. 2014).
Regarding the relationships between objective, perceived built environment and walk‑
ing behaviour, two types of relationships have been proposed in previous studies—through 
mediation or moderation effects. The former hypothesised that the objective built environ‑
ment influenced walking through perceived environment (Ma and Cao 2017; Orstad et al. 
2017); while the latter proposed that the relationships between objective environment and 
walking depends on the perceived environment. For instance, some recent studies have 
explored various moderation effects between neighbourhood environment and physical 
activity through psychosocial factors (Serrano et  al. 2018; Perez et  al. 2016), and walk‑
ing attitudes (Yang and Diez‑Roux 2017). However, the effects of perceived environment 
in moderating the relationships between objective neighbourhood characteristics and three 
types of walking frequency are understudied and deserve more structured examination.
435Transportation (2021) 48:431–454 
1 3
Attitudes and walking behaviour
Travel attitudes are usually measured by using factor analysis or carefully validated psy‑
chometric scales to capture meaningful constructs from numerous statements to reveal 
travelers’ preferences, fondness and perceptions towards different transport modes, as well 
as intention to travel. Travel attitudes have been found to have significant effects on travel 
behaviour (Kitamura et al. 1997; Kamruzzaman et al. 2016; Vale and Pereira 2016). For 
example, Cao et  al. (2006) identified four types of travel attitudes: pro‑bike/walk, travel 
minimising, safety of cars, and car dependent during their investigation of relationships 
between built environment and travel behaviour. Likewise, Larrañaga et  al. (2016) iden‑
tified three types of travel attitudes: pro‑walking, pro‑car, and safety‑neighbourhood by 
studying environmental influence and travel attitudes on walking in Porto Alegre, Brazil. 
Nonetheless, most of these studies devoted to capturing travel attitudes in general rather 
than attitudes associated with specific travel behaviour (Kroesen and Chorus 2018).
Recently, some studies started to examine the role of walking attitudes in understanding 
walking behaviour. Such behaviour‑specific attitudes towards walking activity, like enjoy‑
ment, importance, and positive experience in the past were considered to have close rela‑
tionships with people’s walking behaviour. For instance, through examining the interaction 
effects of walking attitudes and neighbourhood environments on walking, Yang and Diez‑
Roux (2017) found that positive walking attitudes were associated with walking for trans‑
portation and leisure regardless of the environmental characteristics. However, some of 
these studies used a single item to measure attitudes, which might increase the sensitivity 
to measurement error. In light of the above considerations, the present study draws insights 
from previous studies on travel and walking attitudes (Joh et al. 2012; Handy et al. 2005) 
and develops a 7‑item scale that specifically measures people’s walking attitudes to explore 
the relationships between the built environment and walking behaviour.
Summary
The literature review pinpoints a number of gaps in the current walking and travel behav‑
iour literature. First, it is noted that most of the current studies tended to treat walking 
as generic form of travel without fully considering its associations with people’s demand, 
activities and purposes, which may have oversimplified the relationships between the built 
environment and walking. Second, existing studies have revealed both similar and contrast‑
ing findings between cities in the Chinese and Western context. More research is called 
for, focusing on non‑Western context and providing useful insights on appropriate policy 
recommendations. Finally, recent studies have suggested to measure behaviour‑specific 
attitudes and examine its associations with specific travel behaviour, as behaviour‑specific 
attitudes may capture unique variabilities compared to general travel attitudes.
The present study aims to investigate the associations between objective neighbourhood 
characteristics, perceived neighbourhood environment, walking attitudes, and frequency of 
three types of walking. In addition, possible interaction effects between objective neigh‑
bourhood characteristics and perceived built environment and walking attitudes on walk‑
ing frequency are explored. First, we expect positive associations for favourable perceived 
environmental factors and walking attitudes on walking frequency. Next, given that few 
studies have explored the interactions effects between objective neighbourhood character‑
istics and perceptions of the neighbourhood environment in relation to frequency of three 
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types of walking, the study will be exploratory in nature. This study can contribute to the 
literature in understanding the possible moderation effects of objective and perceived built 
environment on walking frequency.
Methodology
Study design and neighbourhood selection
Shenzhen is located in the southern region of Guangdong Province in China. By the end 
of 2015, it had a population of 11.38 million on its 1992 km2 land area (Shenzhen Statisti‑
cal Bureau 2016). Established as one of the special economic zones in 1980, Shenzhen 
has witnessed rapid economic growth and urban development since then, making it one 
of the major metropolitan cities alongside Beijing, Shanghai and Guangzhou. In 2012, the 
Ministry of Housing and Urban–Rural Development and National Development published 
a national‑level policy document guiding the improvements of walking and cycling infra‑
structures in cities. Following this national guideline, Shenzhen was one of the earliest 
cities in China to develop its city level planning guidelines on encouraging walking and 
cycling.
We adopted a neighbourhood‑based study design to limit the focus to the selected 
neighbourhoods. Unlike other transport modes that are usually performed at regional or 
city scale (traveling across different locations within the city), home‑based walking trips 
are usually performed within people’s own residential neighbourhoods. As such, neigh‑
bourhood‑based design allows the researchers to have a more in‑depth understanding of the 
associations between neighbourhood built environment and walking behaviour. A multi‑
stage sampling method was applied in selecting neighbourhoods for analysis. In the first 
stage, two sub‑districts with contrasting regional accessibility were chosen, one in the inner 
urban area of the city (Shatou), and another in the outer urban area (Longchen). Most of 
the early development in Shenzhen was concentrated in the inner urban areas, and it was 
only in the past decade that the development gradually spread towards the outer urban 
areas. According to the 2010 census, 64% of the residential units in Shatou were built in 
1980–1999, compared to only 38% in Longchen during the same period (Shenzhen Gov‑
ernment 2011). Differences in land use patterns, street networks, and urban design can be 
observed in these areas. In view of such differences, it is necessary to select neighbour‑
hoods in both areas to capture such variations (Su et al. 2017). In the next stage, within 
each sub‑district, two neighbourhoods with the highest and lowest local accessibility were 
selected for further study. Local accessibility was measured by a composite index measur‑
ing the distance to nearest Shenzhen metro station, distance to the nearest park/plaza, and 
the number of restaurants within the neighbourhood boundary, using data from Baidu Map. 
For Shatou sub‑district, Xinzhou (high local accessibility) and Xinsha (low local acces‑
sibility) were selected. For Longchen sub‑district, Shangjing (high local accessibility) and 
Huilongpu (low local accessibility) were selected.
Survey
The data were obtained by means of a questionnaire survey conducted in the four selected 
neighbourhoods in Shenzhen from December 2016 to March 2017. The sampling design 
combined convenience sampling (all adults available in the park or open space) and random 
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probability sampling (surveyors were instructed to approach the next adult they encounter 
as a potential respondents). To minimise potential selection bias, we have conducted the 
surveys in multiple locations, both on weekdays and weekends, and during different time 
periods. Respondents were asked if they were living in this neighbourhood, with the assis‑
tance of a map showing the neighbourhood boundaries. A small gift (such as key chains, 
bookmarks, ball pens) was provided as an incentive for participation (about USD$1). The 
number of respondents totaled 890. Although detailed records on the number of people 
who refused to participate were not gathered, the response rate was estimated to be about 
50% based on the feedback from surveyors. The survey was divided into four parts, con‑
taining questions relating to well‑being, walking behaviour, environmental perceptions and 
attitudes, and socio‑demographic characteristics.
Variables
The variables used in this study consist of five categories: walking behaviour, perceptions 
of the neighbourhood environment, objective neighbourhood characteristics, walking atti‑
tudes and socio‑demographics. Walking behaviour was measured by asking respondents 
to recall their most recent walking trips that they have performed for the three specific 
purposes of walking respectively in the past week within their neighbourhoods. They were 
then asked, “How often do you usually perform this trip?”. Five options ranging from “less 
than once a week” to “more than 7 times a week” were provided.
Perceptions of the neighbourhood environment were measured using selected items 
from the abbreviated version of the Neighbourhood Environment Walkability Scale 
(NEWS‑A) (Cerin et  al. 2009). Selected items were modified to make them more appli‑
cable to the context of the city of Shenzhen. Two sub‑scores measuring residential density 
and land use diversity were excluded from this study to reduce the questionnaire length and 
hence respondent burden. Other modifications include eliminating items that were unsuit‑
able for the case of Shenzhen. For example, one item asks participants whether “Walk‑
ers and bikers on the streets in my neighbourhood can be easily seen by people in their 
homes”. In Shenzhen, as in other high‑density cities, multi‑storied residential buildings 
are common and it is nearly impossible to observe pedestrians from these high‑rise build‑
ings. A number of statements derived from the findings of an exploratory qualitative study 
conducted preceding the present study were added to capture some other aspects of the 
built environment, including “poor footpath condition” and “maintenance and upkeep”. 
All neighbourhood perception items were measured using five‑point Likert scales, rang‑
ing from 1 (strongly disagree) to 5 (strongly agree). Eight neighbourhood perception sub‑
scores were computed. Five of them were positive, including access to destinations, street 
network, physical infrastructure, aesthetics and maintenance and upkeep. Three of them 
were negative, including traffic safety, personal safety, and poor footpath condition. The 
statements used to measure neighbourhood perception are presented in “Appendix”.
Neighbourhood characteristics were measured by two dummy variables capturing the 
objective characteristics of the selected neighbourhoods. The first variable denotes whether 
the neighbourhood was an outer urban neighbourhood, the other variable distinguishes 
whether the neighbourhood was a low local accessibility neighbourhood.
There is currently no consensus on standardised measures on travel attitudes, let alone 
more specific walking attitudes. Drawing insights from previous literature (Handy et  al. 
2005; Joh et al. 2012), seven statements were used to measure walking attitudes. Respond‑
ents were asked whether they agree or disagree with the statements in “Appendix” using 
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seven‑point Likert scales ranging from 1 (strongly disagree) to 7 (strongly agree). A walk‑
ing attitudes sub‑score was constructed based on the mean score of the seven statements.
The socio‑demographic variables used in this study include age, gender, employment 
status, educational level, household income, having a driver’s license. Length of residency 
in the present neighbourhood and body mass index (BMI) are also included, as length of 
residency might affect the decision of a person to walk for various purposes and BMI can 
control for body type. Self‑reported height and weight were collected, the weight in kilo‑
grams was divided by the height in meters squared (kg/m2) to obtain the BMI. The socio‑
demographic variables are shown in Table 1, and compared with the 2010 Shenzhen Popu‑
lation Census. Within the sample there is an over‑representation of older people, women 
and people without full‑time employment and with a higher education level.
Limitations of this study
There are several limitations in this study. First, this study is cross‑sectional, so it is impos‑
sible to evaluate whether the established correlations reflect causality. Future studies can 
Table 1  Descriptive statistics of socio‑demographic variables
Shenzhen population data was obtained from 2010 Shenzhen Population Census
Variables Categories Sample Population (%)
Age 18–30 182 (24.9%) 36.90
31–40 191 (26.2%) 24.20
41–50 120 (16.4%) 14.20
51–60 133 (18.2%) 4.50
Over 60 104 (14.2%) 2.90
Gender Male 316 (43.3%) 54.80
Female 414 (56.7%) 45.90
Employment Full‑time 303 (41.5%) 81.50
Not full‑time 427 (58.5%) 18.50
Education level Primary or lower 42 (5.8%) 5.30
Secondary 305 (42.0%) 75.80
Tech. institute/junior college 183 (25.2%) 10.30
University and above 196 (27.0%) 8.60
Household income, Chinese 
Yuan (CNY)
Less than 100,000 251 (40.3%) N/A
100,000 to 300,000 305 (49.0%)
More than 300,000 67 (10.8%)
Driver’s license Yes 405 (56.0%) N/A
No 318 (44.0%)
Length of residency Less than 2 years 107 (14.7%) N/A
2–5 years 337 (46.4%)
6–10 years 205 (28.2%)
More than 10 years 78 (10.7%)
Body Mass Index (BMI) Less than 18.5 54 (7.5%) N/A
18.5–24.9 499 (69.4%)
25.0–29.9 148 (20.6%)
30.0 or above 18 (2.5%)
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benefit from the use of longitudinal data or experimental design. Second, walking behav‑
iour, attitudes, and perceived environmental features are all based on self‑reporting, and 
there may be discrepancies between individuals’ perception and a more general inter‑
subjective consensus view. Although the basic socio‑demographic variables have been 
controlled for in all of the regression models, it is possible that some other unobserved 
(or unmeasured) variables might also play a role in mitigating the relationships between 
the built environment and walking behaviour, thus affecting the results of the analyses. 
Besides, objective built environment was only measured with neighbourhood characteris‑
tics in two dimensions (inner or outer urban neighbourhoods and high or low local acces‑
sibility), which might not truly capture the micro environmental features that the respond‑
ents encounter during their daily walking. The recruitment of local residents in public 
spaces using intercept survey might have resulted in selection bias. It might be expected 
that people who are healthier or more willing to walk and use the public areas are over‑
represented, whilst other people who might have mobility limitations could be underrepre‑
sented. Although the surveys were conducted both on weekdays and weekends at various 
times of the day and multiple locations to minimise the impact of this problem, such bias 
might still be possible. Future studies with less selection bias can enhance rigor in this field 
of research. Moreover, this study focused on one city—Shenzhen, and within a number 
of selected neighbourhoods only, which might limit the application of the results to other 
cities.
Data analysis
Since the dependent variables are categorical data, logistic regression analyses were used 
to examine the relationships between neighbourhood characteristics, perceived environ‑
ment and walking attitudes in affecting the frequency for three types of walking (Hosmer 
et al. 2013). Given that the focus of this paper was to explore the environmental influences 
on different types of walking, rather than people’s mode choice decision, so separate logis‑
tic regression models were constructed for each type of walking. Binary logistic regression 
was used for work/school related walking frequency model to distinguish between those 
who walk for work/school at least half of trips per week1 (medium and high frequency) 
and those who only walk occasionally (low frequency). Multinomial logistic regression 
was used for walking for leisure/recreation and household responsibilities related activi‑
ties (low vs medium vs high frequency). In addition, we examined the possible interaction 
effects between the objective neighbourhood characteristics and perceived environment 
and walking attitudes. For each interaction, the product term was added separately and p 
value of the interaction term was used to evaluate the statistical significance. Interaction 
terms that were significant at the .05 level were entered into the model. After that, insig‑
nificant variables were removed stepwise to maintain the parsimony of the final models, 
except for the basic socio‑demographic variables, including age, gender, employment, and 
income, which were included in all regression models as control. The inclusion of inter‑
action variables into logistic regression models might lead to multicollinearity problems 
because the interaction terms are correlated with the main effects terms used to calculate 
1 As most of the employees and students need to go to work or school for only 5 days per week, separat‑
ing walking frequency into low (less than 3 times) and medium–high (3 times or more) allow us to indicate 
whether walking is the common choice for their daily travel (3 out of 5 times per week).
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them. Following Kreft and Leeuw (1998), the method of centering was adopted in this 
study to reduce multicollinearity between the main and interaction effects. The perceived 
environment variables and walking attitudes were mean‑centered by subtracting the mean 
from each variable’s observed value. To account for the clustered nature of data, all of the 
regression models were adjusted to ensure the standard errors are not underestimated. Sta‑
tistical analysis was conducted using STATA 14.0.
Results
Descriptive statistics
Table 2 shows the responses for walking frequency, and three major points are worth dis‑
cussing. First, there are more respondents who walk 7 or more times per week (29.5%) 
for leisure/recreation walking, compared to walking for household responsibilities (26.6%). 
Second, walking 7 or more times per week occurs more often in neighbourhoods with 
higher local accessibility, especially for leisure/recreation (39.1 vs 29.5%) and for house‑
hold responsibilities (36.5 vs 26.6%), but not much difference can be found for work/school 
walking. The above observations suggest that respondents’ walking frequency for the three 
types of walking varies considerably. These results reinforce the need to consider the pur‑
pose of walking trips in understanding people’s walking behaviour.
Regression analysis
Tables 3, 4 and 5 below show the logistic regression results, illustrating the influence of 
socio‑demographics, walking attitudes, perceived environment and neighbourhood charac‑
teristics on walking frequency for the three types of walking trips. Table 3 is a binary logis‑
tic model for work/school related walking; Tables 4 and 5 are multinomial logistic models 
for leisure/recreation walking and household responsibilities related walking respectively. 
The reference category is walking for low frequency (less than 3 times/week) for all three 
Table 2  Descriptive statistics of frequency for three types of walking






Low (less than 3 times/week) 78 (15) 37 (15.4) 37 (15.1)
Medium–high (3 times and more/week) 442 (85) 204 (84.6) 208 (84.9)
Leisure/recreation related walking
Low (less than 3 times/week) 347 (43.1) 176 (43.7) 144 (34.8)
Medium (3–6 times/week) 221 (27.4) 103 (25.6) 108 (26.1)
High (7 times or more/week) 238 (29.5) 124 (30.8) 162 (39.1)
Household responsibility related walking
Low (less than 3 times/week) 315 (42.06) 164 (43.2) 135 (34.7)
Medium (3–6 times/week) 235 (31.37) 121 (31.8) 112 (28.8)
High (7 times or more/week) 199 (26.57) 95 (25) 142 (36.5)
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models. In order to obtain parsimonious models, all of the independent variables and inter‑
action terms that were insignificant at the .05 level were removed from the final models.2
Walking to work/school
For work/school related walking (Table  3), only one perceived environment variable—
“poor footpath condition”—was significant at the .05 level. The interaction effect of this 
variable and accessibility level of neighbourhood was also significant, so the interpretation 
will combine the main and interaction effects. The interaction effects are shown in Fig. 1 
below.
Figure 1 shows the interaction effect of poor footpath condition and the objective level 
of neighbourhood accessibility. After converting the findings to predicted probabilities, 
we found that when the perception of poor footpath condition increased, the probability to 
walk for work/school less than 3 times per week was 11 times higher for people who live 
Table 3  Binary logistic model for work/school related walking frequency
Reference category: low frequency (less than 3 times/week)
Other socio‑demographic variables were controlled for in this model
*p < .05; **p < .01
Variables B P value Odds ratio
Constant .410 .427
Socio‑demographics
Length of residency (ref ≥ 10 years)
Less than 2 years .162 .781 1.177
2 to 5 years .669 .046* 1.953
6 to 10 years .753 .099 2.125
BMI (ref ≥ 30.0)
Less than 18.5 1.708 .002** 5.523
18.5–24.9 1.308 .002** 3.702
25.0–29.9 1.325 .095 3.761
Neighbourhood characteristics and environmental perceptions
Outer urban neighbourhood (ref = inner urban) .380 .000* 1.462
Low accessibility neighbourhood (ref: high) − .155 .613 .985
Poor footpath condition − 1.046 .000** .351
Significant interaction effects
Low accessibility × poor footpath condition 1.569 .000** 4.802
Log‑likelihood (final model) − 134.849
Log‑likelihood (constants only model) − 152.277
Log‑likelihood (equally‑likely model) − 266.169
Pseudo  r2 (equally‑likely base) .493
Pseudo  r2 (constants only base) .114
Sample size 384
2 Except for the main effects of the significant interaction terms.
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in a high‑accessibility neighbourhood. But the same increase in poor footpath condition 
decreased the probability to walk for work/school less than 3 times per week, for people 
living in low‑accessibility neighbourhoods. This might seem counterintuitive in the first 
instance, but it might reflect that the limited transport options available (e.g. bus stops and 
other public transportation) in low‑accessibility neighbourhoods force people to walk more 
despite their perceptions. This finding is in line with a recent study conducted in China 
showing that respondents who perceived their neighbourhood to be less convenient for 
walking actually spent more time walking compared to other respondents (Alfonzo et al. 
2014).
Table 4  Multinomial logistic model for leisure/recreation walking frequency
Reference category: low frequency
Other socio‑demographic variables were controlled for in this model
*p < .05; **p < .01
Variables Medium frequency High frequency
B P value Odds ratio B P value Odds ratio
Constant − 1.05 .002** − .025 .973
Socio‑demographics
Age (ref = 18–30)
31–60 .212 .364 1.236 .107 .702 1.129
Over 60 1.060 .000** 2.886 .731 .035* 2.078
Length of residency (ref = less than 2 years)
2 to 5 years .814 .000** 2.258 − .442 .384 .643
6 to 10 years .621 .000** 1.861 .011 .983 1.011
More than 10 years .772 .061 2.163 .160 .722 1.173
Walking attitudes
Walking attitudes .006 .945 1.006 .405 .000** 1.499
Neighbourhood characteristics and environmental perceptions
Low accessibility neighbourhood 
(ref = high)
− .403 .163 .668 − 1.025 .000** .359
Poor footpath condition − .287 .040* .751 − .289 .101 .749
Access to destinations − 1.020 .016* .361 − .359 .223 .698
Aesthetics .603 .002** 1.827 .076 .477 1.079
Personal safety − .034 .711 .967 .185 .048* 1.203
Significant interaction effects
Low accessibility × poor footpath condi‑
tion
.677 .012* 1.969 − .027 .876 .974
Low accessibility × access to destinations .998 .047* 2.712 .393 .297 1.481
Log‑likelihood (final model) − 643.063
Log‑likelihood (constants only model) − 703.917
Log‑likelihood (equally‑likely model) − 718.492
Pseudo  r2 (equally‑likely base) .105
Pseudo  r2 (constants only base) .086
Sample size 654
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Among the socio‑demographic variables, BMI was found to be associated with 
walking to work/school. People with lower BMI (less than 25) were more likely to 
walk to work/school 3 or more times per week. Length of residency was also found to 
be significant, people living in the neighbourhood for 2–5  years were more likely to 
walk to work/school 3 or more times per week.
Table 5  Multinomial logistic model for household responsibilities related walking frequency
Reference category: low frequency
Other socio‑demographic variables were controlled for in this model
*p < .05; **p < .01
Variables Medium frequency High frequency
B p value Odds ratio B p value Odds ratio
Constant − 1.44 .000** − .124 .627
Socio‑demographics
Age (ref ≥ 18–30)
31–60 .568 .000** 1.764 .175 .298 1.191
Over 60 .636 .140 1.888 .608 .011* 1.837
Length of residency (ref = less than 2 years)
2 to 5 years 1.256 .000** 3.512 − .243 .241 .784
6 to 10 years 1.275 .000** 3.579 .178 .516 1.195
More than 10 years .752 .128 2.122 − .721 .119 .486
Employment (ref = not full time)
Full‑time employed − .579 .062 .560 − .482 .000** .617
Neighbourhood characteristics and environmental perceptions
Outer urban neighbourhood (ref = inner 
urban)
.030 .843 1.031 .072 .000** 1.074
Low accessibility neighbourhood 
(ref = high)
− .052 .743 .949 − 1.037 .000** .354
Physical infrastructure .348 .038* 1.416 .274 .075 1.315
Maintenance and upkeep − .278 .000** .757 .269 .237 1.310
Significant interaction effects
Low accessibility × physical infrastruc‑
ture
− .833 .000** .435 − .287 .186 .750
Low accessibility × maintenance and 
upkeep
.636 .000** 1.889 − .120 .633 .887
Log‑likelihood (final model) − 647.233
Log‑likelihood (constants only model) − 703.554
Log‑likelihood (equally‑likely model) − 798.691
Pseudo  r2 (equally‑likely base) .190
Pseudo  r2 (constants only base) .080
Sample size 727
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Walking for leisure/recreation
For leisure/recreation related walking (Table  4), four perceived environment varia‑
bles—“access to destinations”, “poor footpath condition”, “aesthetics” and “personal 
safety”—were significant in the model. Significant interaction effects were found for the 
Fig. 1  Predicted probabilities of work/school walking frequency for low‑ and high‑accessibility neighbour‑
hoods with changes in poor footpath condition (FC)
Fig. 2  Predicted probabilities of leisure/recreation walking frequency for low‑ and high‑accessibility neigh‑
bourhoods with changes in perceived access to destinations (PA)
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first two perceived environment variables and accessibility level of the neighbourhood 
(Figs. 2, 3).
Figure 2 shows the interaction effect between perceived access to destinations and low 
accessibility neighbourhood for medium frequency (3–6 times/week) compared to low fre‑
quency (less than 3 times/week) of leisure/recreation walking. After converting the findings 
to predicted probabilities for interpretation, we see that perceived access to destinations 
played a limited role in low‑accessibility neighbourhoods. When the value of perceived 
access to destinations was low, the probabilities to walk for leisure/recreation more than 
3 times per week was higher in high‑accessibility neighbourhoods. In addition, perceived 
access to destinations changed the distribution of frequency of walking in the high‑accessi‑
bility neighbourhoods. When perceived access to destinations increased, people were more 
likely to walk either very frequently or very little.
Figure 3 shows the interaction effect between local accessibility and the perceived poor 
footpath condition. When we convert the findings to predicted probabilities, we observe 
that, in high‑accessibility neighbourhoods, poor perceived footpath conditions were associ‑
ated with less frequent walking. But in low‑accessibility neighbourhoods, perceived poor 
footpath conditions had no influence on low frequency walking, but more negative percep‑
tions were correlated with a shift away from high to medium frequency of walking.
In terms of perceived environment variables, “aesthetics” was associated with walking 
for leisure/recreation for medium frequency compared to low frequency, but no significant 
association was found for high frequency walking. The positive coefficient of “aesthetics” 
indicated that a one‑unit increase in perceived aesthetic value increased the odds of walk‑
ing 3–6 times per week for leisure/recreation by 82.7%. This finding is in line with previ‑
ous studies which suggest that an interesting and attractive neighbourhood environment is 
associated with higher frequencies of leisure walking (Ball et al. 2001; Saelens et al. 2012). 
“Personal safety” was also found to be associated with walking for leisure/recreation in high 
frequency compared to low frequency only. The positive coefficient indicated respondents 
Fig. 3  Predicted probabilities of leisure/recreation walking frequency for low‑ and high‑accessibility neigh‑
bourhoods with changes in poor footpath condition (FC)
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were more likely to walk for 7 or more times per week for leisure/recreation when they per‑
ceive the built environment to be safe. This finding coincides with previous studies show‑
ing that people tends to walk more when they feel safe in their neighbourhoods (Mason et al. 
2013).
The effect of walking attitudes was positive in the model for leisure/recreation, showing 
that respondents with more positive walking attitudes were more likely to walk 7 or more 
times per week. It is found that a one‑unit increase in walking attitudes increased the odds 
of walking for high frequency for leisure/recreation by 50%, but a similar effect was not 
found for medium frequency (3–6 times per week). In addition, age and length of residency 
were also significant in the model. Older adults (over 60 years old) were more likely to 
walk for medium (3–6 times per week) and high frequency (7 or more times per week) for 
leisure/recreation. For length of residency, respondents who lived in the neighbourhood for 
2 to 10 years were more likely to walk 3–6 times per week for leisure/recreation.
Walking for household responsibilities
For walking related to household responsibilities (Table 5), significant interaction effects 
were found for “physical infrastructure” (Fig. 4) and “maintenance and upkeep” (Fig. 5) 
with accessibility level of the neighbourhood.
Figure 4 shows the interaction effects between local accessibility and perceived physi‑
cal infrastructure. When we convert the findings to predicted probabilities, we  observe 
that, those who lived in the low‑accessibility neighbourhoods and had positive percep‑
tions on physical infrastructure were less likely to walk 3–6 times per week for household 
responsibilities. But for respondents who lived in the high‑accessibility neighbourhoods, 
the increase was occurring in the high frequency category only at the expense of the low 
frequency, suggesting that people were more likely to walk when perceived physical infra‑
structure was high.
Fig. 4  Predicted probabilities of household responsibilities walking frequency for low‑ and high‑accessibil‑
ity neighbourhoods with changes in physical infrastructure (Phy inf.)
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As shown in Fig. 5, when the value of “perceived maintenance and upkeep” increased, 
people were more likely to walk for household responsibilities for 3–6 times per week in 
the expense of reduction in low frequency walking in low‑accessibility neighbourhoods. 
But in high‑accessibility neighbourhoods, the probabilities to walk for household respon‑
sibilities for 7 or more times per week increased at the expense of reduction in medium 
frequency walking.
In addition, respondents who live in outer urban neighbourhoods were more likely to 
walk very often (7 or more times per week) for household responsibilities. Among the 
socio‑demographic variables, respondents in full‑time employment were less likely to 
walk frequently to carry out household related activities. Respondents who had lived in 
the neighbourhood for more than 2 years (2–5 years or 6–10 years) were more likely to 
walk at least 3 times per week for household related activities. Age was also significant in 
the model; middle‑aged (31 to 60 years old) respondents were more likely to walk for 3–6 
times per week for household responsibilities, and older (over 60) respondents were more 
likely to walk for 7 or more times per week.
Discussion and conclusion
This study examines the associations between the objective neighbourhood characteristics, 
perceptions of the built environment, walking attitudes and walking frequency for three 
different activities—work/school, leisure/recreation and household responsibilities—in 
Shenzhen. The regression analyses demonstrate that the variables associated with walking 
frequency vary markedly among different types of walking, which is in line with previous 
studies (Saelens and Handy 2008; Vale and Pereira 2016). More perceived environment 
variables are found to be associated with walking for leisure/recreation than for house‑
hold responsibilities and work/school. Such differences can be explained by Vilhelmson’s 
Fig. 5  Predicted probabilities of household responsibilities walking frequency for low‑ and high‑accessibil‑
ity neighbourhoods with changes in maintenance and upkeep (M&U)
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(1999) work on time use and mobility. Trips for leisure/recreation—and associated activi‑
ties—are more flexible in time and space; their location and timing can be altered more 
easily than is the case with, say, commuting to work/school. The flexibility of these walk‑
ing trips allows pedestrians to interact with the environment more actively (Edensor 2000). 
Built environment features may thus have a stronger influence on the trips associated with 
more flexible activities compared to those with more fixed activities (Cho and Rodríguez 
2015).
Another innovative aspect of this study is that we further explored the associations 
by examining the interaction effects between objective neighbourhood characteristics, 
perceived environment and walking attitudes. Significant interaction effects were found 
in all three types of walking. The identified interaction effects demonstrate how the 
objective and subjective dimensions of the built environment influence people’s walk‑
ing behaviour in complex and interconnected ways. For walking for leisure/recreation, 
a significant interaction effect between low‑accessibility neighbourhood and “access to 
destinations” was found. This suggests that the perceived access to destinations has a 
stronger facilitating effect on walking frequency among those who live in neighbour‑
hoods with lower local accessibility. People may have a positive perception, despite a 
less walkable built environment, and this may result in a positive influence on their 
walking behaviour, suggesting that positive perceptions of the environment can, in some 
circumstances, compensate for the effects of living in less walkable neighbourhoods on 
people’s walking frequency in a manner that is different from what is observed in more 
walkable environments. This implies that policies aimed at promoting physical activ‑
ity could include other measures such as place‑making activities (Friedmann 2010) and 
educational campaigns for perceptional and behavioural change (Spears et  al. 2013), 
instead of only focusing on improving physical infrastructure. These “soft” measures 
would also be helpful for shaping people’s perceptions and/or attitudes towards the 
environment and subsequently encouraging walking.
The significance of perceived environment variables was also revealed in different types 
of walking. However, there were some contradictions showing between our findings and 
previous research. For instance, different from results from Hong Kong (Cerin et al. 2013) 
and Shanghai (Zhou et al. 2013) which demonstrated neighbourhood aesthetics were not 
associated with walking for transport or leisure, we found that perception of aesthetics was 
associated with leisure/recreation walking. Local residents in Shenzhen were more likely 
to walk more frequently for leisure or recreation if they considered the environment to be 
more attractive. This is in line with several studies conducted in Western countries (Ball 
et  al. 2001; Inoue et  al. 2010). Possible explanations may be that we examined walking 
frequency instead of walking time, and used different measurement items to represent the 
aesthetic qualities of the neighbourhood environment.
The newly developed variables—“maintenance and upkeep” and “poor footpath con‑
dition”—were used to measure the perceived upkeep of the pedestrian environment, as 
well as the temporary barriers on footpaths, such as the presence of commercial activities, 
crowdedness and parked cars and bicycles on the footpath, which are particularly common 
in rapidly developing cities in China. Our findings showed that there were significant asso‑
ciations between these two variables and the three types of walking, suggesting that instead 
of only examining static physical infrastructure, the dynamics and the changing conditions 
of the walking environment are worth considering in a more rigorous manner in future 
studies.
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This study also highlights the significant associations of walking attitudes and walking 
for leisure/recreation, which is in line with the wider literature on travel behaviour and 
attitudes (Kamruzzaman et al. 2016; Vale and Pereira 2016). However, no significant asso‑
ciations were found between walking attitudes and walking for work/school and household 
responsibilities, and this warrants attention. Unlike walking for leisure/recreation, most 
people who walk for work/school conduct walking as part of their trips, and their trips 
would involve other transport modes. The decision to choose a particular combination of 
transport modes to work/school may depend more on other factors, such as the quality of 
public transport services and the availability of other transport modes. Similarly, for house‑
hold‑related walking, it is also possible that pedestrians already established a daily routine 
in terms of when and where to fulfil their household responsibilities. Thus, in this case, 
other possible factors, such as preferences and habit, may have stronger influences on these 
two types of walking.
Several directions for future research are recommended here to advance the pre‑
sent discussions. First, existing studies have put much emphasis on the effects of the 
built environment on walking behaviour. However, more recent studies start to high‑
light the importance of other psychosocial factors (e.g. habit, intentions, and prefer‑
ences) in moderating or mediating such relationships (Kamruzzaman et  al. 2016; Ma 
and Cao 2017). Future studies could further explore these potentially important factors 
by developing more advanced strategies for measurement and examining their effects 
in more detail. Second, future studies can include other difficult‑to‑measure, yet poten‑
tially important variables, such as social status because these variables may help to pre‑
vent unobserved variable biases and provide further explanations to some of the unu‑
sual results from the analyses. Additionally, given that pedestrians’ walking behaviour 
is embedded within a wider socio‑cultural context (Fitt 2017), more qualitative studies 
in the future can extend the current discussions by further exploring the ways in which 
pedestrians perceive their walking environment in different social and cultural contexts. 
Future studies could also rethink how the built environment can be conceptualised by 
moving beyond the static measures of the 3Ds (density, diversity and design) (Cervero 
and Kockelman 1997), and considering how people actually perceive the built envi‑
ronment, as well as the influence of dynamics in the walking environment on people’s 
walking behaviour.
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Appendix: Statements used to measure environmental perceptions 
and walking attitude
Variables (Cronbach’s alpha) Statements
Environmental perceptions
Access to destinations (.692) Stores are within easy walking distance of my home
There are many places to go within easy walking distance of my home
It is easy to walk to a transit stop (bus, train, MTR) from my home
Streets in my neighbourhood are hilly, making my neighbourhood difficult 
to walk  ina
There are major barriers to walking in my local area that make it hard to 
get from place to place (for example, freeways, railway lines, rivers)a
Parks and plazas are within walking distance
Street network (.680) The streets in my neighbourhood do not have many cul‑de‑sacs (dead‑end 
streets)
The distance between intersections in my neighbourhood is usually short
There are many alternative routes for getting from place to place in my 
neighbourhood
Physical Infrastructure (.693) Footpaths are separated from the road/traffic in my neighbourhood by 
railings/bollards
My neighbourhood streets are well lit at night
There are crosswalks and pedestrian signals to help walkers cross busy 
streets in my neighbourhood
Aesthetics (.718) There are trees along the streets in my neighbourhood
There are many interesting things to look at while walking in my neigh‑
bourhood
There are many attractive natural sights in my neighbourhood (e.g. land‑
scaping, views)
There are attractive buildings in my neighbourhood
Traffic safety (.667) There is so much traffic along nearby streets that it makes it difficult or 
unpleasant to walk in my neighbourhood
Most drivers exceed the posted speed limits while driving in my 
 neighbourhooda
There are many cyclists riding on footpaths, which makes it unpleasant to 
walk in my  neighbourhooda
Personal safety (.752) There is a high crime rate in my  neighbourhooda
The crime rate in my neighbourhood makes it unsafe to go on walks dur‑
ing the  daya
The crime rate in my neighbourhood makes it unsafe to go on walks at 
 nighta
Poor footpath condition (.707) There are many commercial activities (e.g. hawkers, outdoor cater‑
ing area) on the street that makes it unpleasant to walk in this 
 neighbourhooda
There are many construction works taking place that creates obstructions 
to my  walkinga
I usually feel quite crowded when I walk in this  neighbourhooda
Cars and bicycles are frequently parked on footpaths that obstruct my 
 walkinga
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Variables (Cronbach’s alpha) Statements
Maintenance and upkeep (.799) Most of the footpaths in this neighbourhood are wide enough
The surface of footpaths in this neighbourhood is well maintained in 
general
The footpaths are quite clean
Pedestrians signage is well‑kept in this neighbourhood
Walking attitudes
Walking attitudes (.767) I enjoy walking in the neighbourhood where I live
Walking is not important for me at  alla
In general, my walking experience in the neighbourhood where I live is 
positive
I walk because it is good to my health
I walk because it is good to the environment
I walk because it involves no monetary costs
Walking in the neighbourhood where I live is a habit
a Negatively scored items
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